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(54) A 'PROCESS FOR TREATING EXCREMENT BY 
MICROORGANISMS AND PRODUCTS OBTAINED 
THEREBY 



(71) I, The Mayor of the City of 
Kxryu, a Japanese subject, of No. 1041-1, 
Orihime-Cho, Kiryu City, Japan, (a City 
established by the laws of Japan), acting for 

5 and on behalf of the Council and citizens of 
the said City of Kiryu, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and die process by 
which it is to be performed, to be particu- 

10 larly described in and by the following state- 
ment:— 

The present invention relates to a process 
for treating excrement by using photosynthetic 
bacteria, such as Athiorhodaceae and Thio- 
15 rhodaceae, and Chlorophyceae, e.g. Chlorella, 
and the products produced by said micro- 
organisms, which can be used for feed and 
fertilizer. 

The hitherto used process for treating ex- 

20 crement involves charging excrement collected 
by vacuum car and the like into a sealed tank 
and leaving to stand said excrement for about 
one month to effect anaerobic decomposition 
and then introducing into an aeration type 

25 purifying facilities to effect purification. How- 
ever, as well known, in this method excrement 
must be left to stand for about one montr^ so 
that this method has defects that a long time 
is necessary and the disposal facilities need a 

30 wide space and further excrement, which is 
organic materials having a high energy is 
thrown away without being utilized. 

Alternatively, an activated sludge process, 
a. chemically treating process, a wet-type 

35 burning process, etc. have been attempted, but 
these processes have not been yet satisfied and 
also in these processes excrement is thrown 
away without being utilized. 
Recently, a process for treating excrement* 
40 in which organic materials in excrement is 
utilized by Chlorophyceae, e.g. Chlorella, has 
been proposed. This process can attain two 
purposes of purification of excrement and 
harvest of Chlorophyceae cells, while this pro- 
45 cess has a disadvantage that excrement must be 
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diluted to a concentration of about 10 to 20 
times in the treatment and there has been a 
problem in practice. 

With these problems in mind, the inventors 
have made studies on the treatment of ex- 50 
crement by means of microorganisms systema- 
tically and the present invention has been 
accomplished. 

Namely, the inventors have checked cycle 
of purification in the natural world and paid 55 
an attention to the fact that growable micro- 
organism varies according to putrefaction de- 
gree of sewage, that is, in a stage of a high 
putrefaction degree Heterotrophic micro- 
organisms propagate, in the next stage, photo- 60 
synthetic bacteria propagate and in the last 
stage of a low putrefaction degree Chloro- 
phyceae propagates, and found that excrement 
shows the same phenomenon as described 
above and that if microorganisms, which can 65 
propagate most favourably in each stage are 
selected and cultivated in excrement, the ex- 
crement can be purified in a short time to pro- 
duce useful by-products. 

Furthermore, the inventors have paid an 70 
attention to the fact that photosynthetic bac- 
teria can utilize organic acids in a solution 
having B.O.D. value (Biological Oxygen 
Demand Value) as high as 3,000 to 15,000 
p.p.m. and propagate highly in such a solution 75 
to decrease B.O.D. value to 300 to 500 p.p.m. 
after the propagation and further that Chlorella 
propagates highly in the solution after the 
cultivation of photosynthetic bacteria to de- 
crease B.O.D. value to about 5 to 50 p.p.m., 80 
and found that if photosynthetic bacteria are 
cultivated in excrement, in which organic acids 
and other lower molecular weight substances 
have been formed and then Chlorella is culti- 
vated in the solution after photosynthetic 85 
bacteria were cultivated, excrement can be 
purified in a short period without diluting 
excrement and each of said microorganisms 
can be obtained in a large amount. 

According to the present invention, there. 90 
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is provided a process for treaung excrement 
which comprise, decomposing the excrement m 
Tn aerator under an aerobic atmosphere to 
form organic acids and the other low mole- 
5 cular weight substances, transferring the de- 
5 composed excrement into a sealed culture tank, 
Sating, cultivating and propagating photo- 
synthetic bacteria therein under an anaerobic 
ftmosphere while irradiating light, separating 
10 S propagated photosynthenc bacteria from 
10 the excrement, transferring the resulting ; ex- 
crement into a culture tank, moculatmg, culu- 
vatine and propagating a strain of CbJoro- 
pSae therei/ under an aerobic condmon 
15 while irradiating light and separating the 
propagated Chlorophyceae from the excrement, 
whereby the excrement is punned. 

Furthermore, the present invention cons, s 
in *e use of the cultivated P^tosvutheuc 
20 bacteria and Chlorophyceae for feed of fishes 
anri animals and fertilizer. . 
3 An omUne of properties of photosynthenc 
bacteria to be used in the present invention 
S te mentioned and then the mycological 
25 properties will be explained. 

Photosynthetic baaena are classified into 
the following three families according to 
«Berg/s Manual of Determinative Bacteno- 
logy, 7th Edition" 
30 I. Athiorhodaceae 
II. Thicrhodaceae 

III. Chlorobacteriaceae . , 

Athiorhodaceae can utilize orgamc matenals, 

such as lower fatty acids (saturated and un- 
35 ^uiatd fatty acids) and effect -photosynthesis 

by using light energy (for example, 

C0 2 + 2H 2 A^CH 2 0 + H 2 0 + 2A). 

Thiorhodaceae and Chlorobacteriaceae can 
An utilize mainly sulfides or hydrogen gas and 
40 K photosynthesis by using light energy (for 

example, 2H 2 S + C0 2 ^2S + CH.O + H.O). 
In order to effect the above described photo- 
45 synthesis, the bacteria belonging to the fami- 
45 to I ana II contain Bactenochlorophyll and 
the bacteria belonging to the family III con- 
. tains Bacterioviligin. (t > mi \„ TT 

The bacteria belonging to the family " 
cn utilize sulfides and then accumulate sulfur par- 
tide in the body, while the baaena belonging 
St*? family discharge sulfur parade out 
of the body. However, some bacteria belonging 
to the family III accumulate sulfur particle 
in the body. ... 

The reason, why the bactena belonging to 
families I and II show red, is based on pig- 
ments of Carotenoid series. The distribution of 
the above described photosynthenc bactena in 
60 natural world is very wide and said photo- 
synthetic bacteria live in submerged condition 
in tropics and subtropics, for example, paddy, 
ditch, river, lake, sea, hot spring, etc. 
Then, mycological properties of photo- 
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synthetic bacteria collected by the inventors 
will be mentioned. . , . 

I. Athiorhodaceae is classified into the fol- 
lowing genus and spedes: 

(1) Rhodopseudomonas 

(i) capsulatus 

(ii) palustris 

(iii) gelatinosa 

(iv) spheroides 

(2) Rhodospirillum 
(i) rubrum . . .v 

The morphological characteristics, growth 
condition and physological properties of the 
above genera will be explained. 
(1) Rhodopseudomonas 
(i) capsulatus . . 

a Morphological characteristics 

Th^bacterium has a flagellum and is 
very rich in the motility and usually, 
short bacillus (width 0 5a x leng 
1.0a), but may be long Callus 
(width 0.5— 0.7jx x length ac- 
5 to the &nd of liquid culture 
and the period of culture. Namely, 
this bacterium shows pleomorphism. 
b. Growth condition . 

State of growth m various media 
(under anaerobic, light condition) 
Buillon medium + # 
Aqueous pepton solution + + + 
Potato medium — 
Thiosulfate - 
Alanine + 
Leucine - 
Asparagine ^ + 
Aspartic acid - 
Lactic acid +: + 
Succinic acid 4- 
Malic acid -f 
Butyric acid + ' + 
Crotonic acid + 
Pyruvic acid +.+ 
Ethanol - 
Mannitol - 
Glutamic acid + 
Tartaric acid - 
Citric acid - 
Glutaric acid + 
Acetic acid + 
Propionic acid + + + 
Sorbitol - 
Glucose -4- 
Mannose - 
Fructose + 

^ery^concentration is 0.2% with 
respect to substrate) 
Note: + +.+ -> good growth 
+ — > growth 

-> no growth 
c. Physiological property 

1) Optimum condiuon for growth 
ph* 7.2, temperature: 27 C 5 
under anaerobic, light condition 
(10,000 Lux) 
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2) Growable condition 

pH: 6.0 to 8.5, temperature: 
23 — 39° C, aerobic — anaerobic at- 
mosphere, dark — irradiation of 
light. 

Gram staining is negative. 
This bacterium has acid resistance. 
Indole is not formed. 
Hydrogel sulfide is not formed. 
This bacterium has ability for fix- 
ing molecular nitrogen. 
8) Catalase is formed. 
Gelatine is not liquefied. 
Starch is not hydrolyzed. 

11) This bacterium has ability for 
oxidizing reduced methylene blue 
and reduced methyl (or benzyl) 
biologene dyes. 

12) Biotin, thiamine and nicotinic acid 
are necessary as the growth factor. 

(ii) palustris 

a. Morphological characteristics 

The young culture has flagellum and 
motility and is bacillus (width O.Sjx 
x length 1.0 — -2.0/1), while the old 
culture shows pleomorphism and may 
have a length more than 10u. 

b. Growth condition 

State of growth in various media 

(under anaerobic, light condition) 

Bullion medium — 

Aqueous peptone solution ±. 

Potato medium — 

Thiosulfate -f- 

Alanine ± 

Leucine ±: 

Asparagine dz 

Aspartic acid d= 

Glutamic acid 

Tartaric acid — 

Citric acid — 

Glutaric acid + s +< + 

Acetic acid -s- 

Propionic acid -h 

Lactic acid + 

Succinic acid -f- 

Malic acid + 

Butyric acid + 

Crotonk acid + 
Pyruvic acid + 

Ethanol + + 4- 

Mannitol - 

Sorbitol - 

Glucose - 

Mannose — 

Fructose - 

Glycerol ±. 

(every concentration is 0.2% with 
respect to substrate) 
Note: + +: + ->' good growth 
+ — > growth 
±. -» There are both 
cases of growth 
and no growth 
- — > no growth 



c. Physiological properties 

1) Optimum condition for growth 
pH: 7.5, temperature: 30°C, 
under anaerobic, light condition 
(10,000 Lux) 70 
12) p-amino benzoic acid is necessary 
as the growth factor. 
The other points are the same as 
the physiological properties of the 
above described capsulatus. 75 
(iii) gelatinosa 

a. Morphological characteristics 

The young culture has flagellum and 
motility and is short bacillus (width 
0.5/4. x length 1.0—2.0^), while the 80 
old culture has sometimes a length 
of 10^. 

b. Growth condition 

State of growth in various media 

(under anaerobic, light condition) 85 

Buillon medium + 

Aqueous peptone solution + ; + ,+ 

Potato medium =t 

Thiosulfate - 

Alanine -f 90 
Leucine db 
Asparagine -f + 
Aspartic acid -h 
Glutamic acid • + 

Lactic acid + 95 
Succinic acid + 
Malic acid + 
Butyric acid + 
Crotonic acid -f 

Pyruvic acid -h 100 
Ethanol + 
Mannitol — 
Sorbitol - 
Tartaric acid — 

Citric acid + 105 
Glutaric acid ztr 
Acetic acid + 
Propionic acid — 
Glucose -h 

Mannose + no 
Fructose + 
Glycerol — 

(every concentration is 0.2% with 
respect to substrate) 

Note: +•+.+ good growth 115 
.+ — > growth 
± -> There are both 
cases of growth 
and no growth 
- — > no growth 120 
c. Physiological properties 
9) Gelatine is liquefied 
12) Biotin and thiamine are necessary 
as the growth factor. 
The other points are the same as 125 
the physiological properties of the 
above described capsulatus. 
(iv) spheroides 

a. Morphological characteristics 

The young culture has flagellum and ISO 
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motility and usually spherobacterium 
(0.7„") and shows pleomorphism. The 
like* of spore is recognized in the bac- 
teria. 

5 b. Growth condition 

State of growth in various media 

(under anaerobic, light condition) 

Bullion medium =t 

Aqueous peptone solution zt 
10 Potato medium - 

Thiosulf ate - 

Alanine =b 

Leucine zh 

Asparagine z±z 
15 Aspartic acid ± 

Glutamic acid dz 

Tartaric acid + 

Citric acid - 

Glutaric acid + 
20 Acetic acid 4- 

Propionic acid — 

Lactic acid + 

Succinic acid + 

Malic acid + 
25 Butyric acid -+- 

Crotonic acid + 

Pyruvic acid ! + 

Ehtanol + 

Mannitoi . + 
30 Sorbitol + 

Glucose + 

Mannose + 

Fructose + 

Glycerol 4- . u 

35 (every concentration is 0.2% with 

respect to substrate) 
Note: + -> good growth 

± _> There are both cases of 
growth and no growth 
40 — — > no growth 

c. Physiological properties 

The properties are the same as the 
physiological properties of the above 
described capsulatus. 
45 (2) Rhodospiriilum 

(f) rubrum . . 

a. Morphological characteristics 

' The bacterium of the young culture 
has fiagellum and motility, and is 
50 spirillum (with 0.5 — 1.5/* * length 
2.0 5.<V) and shows pleomorphism. 

b. Growth condition 

State of growth in various media 

(under anaerobic, light condition) 
55 Buillon medium + 

Aqueous peptone solution + 

Potato medium — 

Thiosulfate — 

Alanine + 
<50 Leucine ±z 

Asparagine ■ + 

Aspartic acid + 

Glutamic acid + 

Tartaric acid — 
55 Citric acid - 



Glutaric acid — 
Acetic acid -f 
Propionic acid — 
Lactic acid + 
Succinic acid . 4- 
Malic acid + 
Butyric acid + 
Crotonic acid + 
Pyruvic acid + 
Ethanol + 
Mannitoi — 
Sorbitol - 
Glucose ± 
Mannose — 
Fructose — 
Glycerol — 

(every concentration is 0.2% with 
respect to substrate) 
Note: + good growth 

dt -> There is both cases of 
growth and no growth 
— — » no growth 
Rhodospiriilum is further classified into 
fulvurn, molischianum and photometricum, but 
they cannot be distinguished clearly. 

II. Thiorhodaceae can be classified into the 
following genera: 

1) Thiosarcina 

2) Thiopedia 

3) Thiocapsa 

4) Thiodictyon 

5) Thiothece 

6) Thiocystis 

7) Lamprocystis 

8) Amoebobacter 

9) Thiopolycoccus 

10) Thiospirillum 

11) Rhabdomonus 

12) Rhodothece 

13) Chromatium 

This classification is followed to the litera- 
ture, which has been published, in the eighteen- 
hundreds and there are many indistinct points. 
Namely, for example, the bacteria of these 
genera have a si2e of 0.5,/u. to 15/i and the 
pH value is about 7.8 — 8.5 and these features 
arc common in all the genera and it is impos- 
sible to distinguish these genera with each 
other. Accordingly, the inventors have used 
Thiospirillum of spirillum, Rhodothece of 
spherobacterium or bacillus having no motility 
and Chromatium of short bacillus having moti- 
lity in the method of the present invention. 
In practice, said bacteria are naturally incor- 
porated in excrement from natural world and 
grow during the treatment of excrement. The 
morphological characteristics, physiological 
properties and growth condition of the genera 
used in the present invention will be ex- 
plained. 

(1) Thiospirillum 

a. Morphological characteristics 

This" bacterium is spiral and has 
fiagellum and motility and grows 
highly if there are hydrogen sulfide 
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and light and sulfur particle is ac- 
cumulated in the bacterium body. 
This bacterium has a width of 1.5 — 
2.5jtx and a length of 30 — 40 u and 
5 some of the old cultures reach a 

length of 100/x. 

b. Growth condition 

State of growth in various media 

(under anaerobic, light condition) 
10 Buillon medium — 

Aqueous peptone solution — 

Potato medium — 

Thiosulfate + 

Sodium propionate — 
15 Sodium malate — 

Sodium succinate — 

Glucose — 

Ethanol - 

(every concentration is 0.2% with 
20 respect to substrate) 

Note: + growth 

- -» no growth 

c. Physiological properties 

1) Optimum condition for growth 
25 pH: 8.2, temperature: 30°C, 

under anaerobic, light condition 
(10,000 Lux) 

2) Growable condition 

pH: 7.6 — 8.8, temperature: 25 — 
30 40°C, under irradiation of light 

3) Gram stainning is negative. 

4) This bacterium has less acid resis- 
tance. 

5) Indole is not formed. 

35 6) Hydrogen sulfide is very highly 

used. 

7) This bacterium has ability for fix- 
ing nitrogen. 

8) This bacterium does not grow in 
40 nitrate medium. 

9) Catalase is formed. 

10) Gelatine is not liquefied. 

11) Starch is not hydrolyzed. 

12) Oxidation of reduced methyl (or 
45 benzyl) biologene dye is effected. 

13) Vitamin is not required. 
(2) Rhodothece 

a. Morphological characteristics 

This bacterium is spherical or bacilli- 
50 form (1.8 — 2.5,ju), and has no motility. 

b. Growth condition: same as Thio- 
spirillum 

c. Physiological properties: same as 
Thiospirillum 

55 (3) Chromatium 

a. Morphological characteristics 

This bacterium is usually oval or 
short bacilliform (width 1 — 4/x 
x length 2 — 10,u) and has motility 
60 by flageUum. 

b. Growth condition 

State of growth in various media 
(under anaerobic, light condition) 
Buillon medium; - 



Aqueous peptone solution, rfc 65 
Potato medium — 
Thiosulfate 4- 
Sodium propionate — 
Sodium malate + 

Sodium succinate + 70 
Glucose — 
Ethanol — 

(every concentration is 0.2% with 
respect to substrate) 

Note: 4- < — > growth 75 
rh -> There are both cases of 
growth and no growth 

— — > no growth 

c. Physiological properties: same as 
Thiospirillum 80 
III. Chlorobacteriaceae is classified into the 
following genera: 

1) Chiorobium 

2) Pelodictyon 

3) Qathrochloris 85 

4) Chlorobacterium 

5) Chlorochromatium 

6) Cylindrogloea 

The above classification is made according 
to the above described literature, but there 90 
are many ambiguous points, so that the inven- 
tors separated bacteria, which are considered 
as Chiorobium, and used said bacteria. This 
bacterium does not grow so well in the treat- 
ing excrement but grows on the wall of the 95 
tank, where light is irradiated. 

The morphological characteristics, growth 
condition and physiological properties of 
Chiorobium will be explained. 

a. Morphological characteristics 100 
The bacteria in the families I and II 

are red, while the bacteria of this family 
are green and usually oval or short bacil- 
liform (width 0.7 — 0.9jn x length 1.5/0, 
but often show pleomorphism. This bac- 105 
terium does not contain sulfur particle. 
When hydrogen sulfide is a substrate, this 
bacterium oxidizes hydrogen sulfide and 
accumulates sulfur in the outside of 
bacterium, but further the sulfur to HO 
sulfate. 

b. Growth condition 

State of growth in various media (under 

anaerobic, light condition) 

Buillon medium — 115 

Aqueous peptone solution - 

Potato medium — 

Thiosulfate '+ 

Tetrathionate 4- 

Sodium propionate — 120 
Sodium malate — 
Sodium succinate — 
Glucose — 
Ethanol — 

(every concentration is 0.2% with respect 125 

to substrate) 

Note: .-f -» growth 

- no growth 
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c. Physiological properties 

1) Optimum condition for growth 

pH: 4.5, temperature: 27°C, under 
anaerobic light condition (10,000 Lux) 
5 2) Growable condition 

ph: 3.0 — 8.0, temperature: 22 — 
35°C, under anaerobic, light condition 

3) Gram sta inning is negative. 

4) This bacterium has acid resistance, 
10 5) Indole is not formed 

6) Hydrogen sulfide is very highly utfli- 
lized. 

7) Some bacteria have ability for fixing 
molecular nitrogen. 

15 8) Growth is not good in nitrate medium. 

9) Some bacteria form catalase. 

10) Gelatine is not liquefied. 

11) Starch is not hydrolyzed. 

12) Some bacteria have ability for oxidiz- 
20 ing reduced methyl (or benzyl) biolo- 

gene dye. 

13) Vitamin is not required. 

As Chlorophyceae, use is mainly made of 
Chlorella and Scenedesmus, examples of each 
25 being as follows: — 

(1) Chlorella 

(i) vulgaria 

(ii) pyrenoidosa 

(iii) conglomerata 
30 (iv) ellipsoidea 

(2) Scenedesmus 

(i) obliguns 

(ii) acurninatus 

(iii) incrasatulus 
35 (iv) aculeolatus 

In the present invention, a mixture or these 
species is used. The morphological charac- 
teristics and the growth condition have been 
well-known, so that the explanation therefor 
40 will be omitted and the physiological properties 
will be mentioned hereinafter. 

1) Optimum condition for growth 

pH: 6.5, temperature: 25°C, under 
aerobic, light condition (air containing 
45 0.5% C0 3 is blown; 10,000 Lux) 

2) Growable condition 

pH: 5.5 to 9.5, temperature: 5 to 35°Q 
under aerobic, light and dark condition. 

3) An inorganic nutrition is mainly effected, 
50 but an organic nutrition may be effected, 

if the species adapted to organic acids and 
carbohydrates of lower molecule under 
dark condition, are used. 

4) Though it is not proper to call as 
55 "gr°wtri factor", these species propagate 

linearly in the presence of iron ion by 
addition of vanadine, while the presence 
of heavy metals generally retards the 
growth. 

60 For a better understanding of the invention 
reference is made to the accompanying draw- 
ing, wherein 

A single figure is a flow diagram of an 
embodiment for carrying out the method of 

65 the present invention. 



As shown in the drawing, excrement col- 
lected by vacuum car and the like is charged 
into a charging tank. Then, foreign elements 
are filtered by a drum screen and the like, 
and the filtrate is transferred into an aerator 70 
and air is blown therein while maintaining the 
temperature at about 35 to 39°C and stirring 
for 1 — 2 days, whereby the excrement is de- 
composed by Heterotrophic microorganisms 
into , organic acids, amino acids and the other 75 
lower molecular weight substances (the con- 
centration of organic acids in the thus treated 
excrement is about 2,500 p.p.rn. — -6,000 
p.pjn.), which are most favourable nutritional 
source for photo-synthetic bacteria. Moreover, 80 
B.O.D. value of the thus treated excrement 
is decreased by about 1/5 with respect to the 
value before the excrement is transferred into 
the aerator (B.O.D. value: about 10,000 -> 
2,000 p.pjn.) Furthermore, anaerobic bac- 85 
teria in the excrement are almost destroyed in 
this step (the spore remains, but the propagat- 
ing bacteria are very few). 

In this step, foaming phenomenon occurs, 
so that it is preferable to effect a defoaming 90 
by spreading a defoaming agent, a surfactant, 
by spraying recycled excrement or by blow- 
ing air on the liquid surface. The formed gas 
includes carbonic acid gas, indole, scatole, 
ammonium, etc, so that said gas can be used 95 
for preventing bad odor and propagating 
Chlorella by feeding into a following culture 
tank for Chlorella. 

The excrement generated organic acids, etc. 
in the above described step is transferred into 100 
a sterilizing tank, wherein various impure bac- 
teria in the excrement are destroyed by a 
high pressure or intermittent sterilization or an 
irradiation of y-ray or ultraviolet ray or a 
sonication and then introduced into a pre- 105 
cipitator. In this case, if a treatment with 
enzymes, such as, cellulase, amylase, protease, 
lipase, etc. is effected, organic acids, amino 
acids and other substances, which can be 
utilized by photosynthetic bacteria, can be 110 
accumulated in a large amount and photo- 
synthetic bacteria are very favourably culti- 
vated and a formation of bad odor can be 
prevented in the following culture tank for 
photosynthetic bacteria. 

In the precipitator, the excrement is left 
to stand for about 12 hours to separate the 
excrement from sludge and the sludge is re- 
moved. The thus treated excrement is further 
clarified by a filter and the like and then 120 
transferred into a sealed culture tank for 
photosynthetic bacteria. In this case, the pH 
value may somewhat vary according to the 
content of the excrement, so that it is 
preferable to adjust the pH value to about 125 
7.0. 

The conditions for cultivating the photo- 
synthetic bacteria in the culture tank are as 
follows: anaerobic atmosphere, temperature: 
about 30°C; under irradiation of light, culture 130 
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time: 70 — 100 hours, preferably about 72 — 96 
hours. When the photosynthetic bacteria are 
inoculated (the original concentration of bac- 
teria in the excrement is 2 ml/1 in the opti- 
5 mum V.P. (packed cell volume) and usually 
more than 0.5 ml/1) and cultivated under 
such conditions, the photosynthetic bacteria 
take up the organic acids, amino acids and 
the other substances and propagate. In this 
10 case, it is preferable that the culture tank is 
a completely sealed type, but as a simplified 
process it is acceptable to shut out air by 
spreading liquid paraffin or edible oil on the 
liquid surface. The irradiation of light is ful- 
15 filled by sun light in the daytime, while in 
night, an artificial light, such as, fluorescent 
lamp is used, and in this case said irradiation 
may be effected every two hours. Furthermore, 
the use of sterilizing lamp together with 
20 fluorescent lamp prevent effectively contamina- 
, tion of impure bacteria into the produced 
photosynthetic bacteria. 

When the method of the present invention is 
carried out commercially, the efficiency of 
25 the culture can be enhanced by using a multi- 
stage culture tank connected several sealed 
culture tanks and effecting the culture while 
transferring the excrement successively in a 
residence time of one tank being about 24 
30 hours. In this case, if about 20% of the culti- 
vated solution in the last culture tank is re- 
turned to the first culture tank as the seed 
bacteria (by such means, it is possible to make 
the concentration of the bacteria V.P. more 
35 than 0.5 ml), the inoculation of the photo- 
synthetic bacteria can be effected continuously 
and automatically. The waste gas formed in 
this step consists mainly of hydrogen gas, so 
that this gas can be used as fuel. 
40 Then tie excrement, after the photo- 
synthetic bacteria propagated, is subjected to 
a centrifugal separator (for example, 20,000 
to 30,000 x g) to separate the excrement from 
the bacteria. About 5 to 8 g (undried) of the 
45 bacteria can be obtained based on 11 of ex- 
crement and the B.O.D. value of the separated 
excrement is decreased by about 1/5 with 
respect to the value before the photosynthetic 
bacteria are cultivated (about 2,000 p.p.m. — > 
50 about 400 p.p.m.) and the concentration of 
organic acids is decreased by about 1/20 with 
respect to the value before the cultivation 
(about 6,000 p.p.m. — » about 300 p.p.m.). In 
this case, as a process for concentrating the 
55 cultivated photosynthetic bacteria, if a capil- 
lary filtration process is used, the cost be- 
comes low. The filtrate contains somewhat the 
photosynthetic bacteria, but such photosyn- 
thetic bacteria rather promote the propagation 
60 of Chlorophvoeae in the following culture 
tank for Chlorophyceae and are not harm-, 
ful. The excrement separated the photo- 
synthetic bacteria is charged into an aerobic 
culture tank for Chlorophyceae and Chloro- 
65 phyceae is inoculated therein (the original con- 



centration of bacteria based on culture medium 
(V.P.) is 2.0 ml in the optimum concentration 
and usually more than 0.5 ml) and cultivated 
at a temperature about 25 °C under irradiation 
of light for 3 to 5 days. As described above, 70 
the excrement, after the photosynthetic bac- 
teria are cultivated, decreases in B.O.D. value 
and the concentration of organic acids and 
further contains amino acids, such as lysine, 
histidine, arginine, asparatic acid, threonine, 75 
methionine, etc., nucleic acids, such as adenine, 
guanine, uracil, cytosine, uridine, adenosine, 
adenosine diphosphate, vitamins, pigments of 
carotenoid series, etc. which are metabolites 
of the photosynthetic bacteria, so that such an 80 
excrement is most preferable as culture solu- 
tion for Chlorophyceae and can propagate 
Chlorophyceae. 

Furthermore, if air containing 5% carbon 
dioxide or the waste gas formed in the aera- 85 
tion of the raw excrement is introduced into 
the culture tank for Chlorophyceae, the yield 
of Chlorophyceae can be increased. Although 
the culture tank for Chlorophyceae may be an 
open type, if said tank is composed of a sealed 90 
type and an aeration is effected therein, such 
a system is convenient in view of control of 
temperature and prevention of bad odor. 

Also, in the case of culture of Chlorella, if 
a multi-stage culture system composed of a 95 
few connected culture tanks is used as in the 
culture of photosynthetic bacteria, and the 
culture is effected while transferring the ex- 
crement successively in a residence time of 
one tank being about 36 hours, the efficiency 100 
of culture is improved and when the present 
invention is carried out commercially, such a 
system is advantageous. Also, in m this case, 
about 20% of the cultivated solution in the 
final culture tank is returned to the first 105 
culture tank as the seed bacteria as in the 
case of the former step (the concentration of 
bacteria V.P. is more than 0.5 ml). 

The excrement, after Chlorophyceae pro- 
pagated, is subjected to a centrifugal separa- 110 
tor, for example, of 15,000 x g (it is advan- 
tageous to previously concentrate the excre- 
ment by Deraval type separator) to separate 
the excrement from the bacteria. About 2 to 
4 g of Chlorophyceae (undried) are obtained 115 
on 11 of the excrement and B.O.D. value of 
the separated excrement is decreased by about 
1/10 with respect to the value before Chloro- 
phyceae is cultivated (about 400 p.p.m. — > 30 
p.p.m.) and the concentration of organic acids 120 
is decreased by about 1/21 with respect to 
the value before the cultivation (about 300 
p.p.m. less than 20 p.p.m.). 

Accordingly, the excrement, after Chloro- 
phyceae is separated, is very low in B.O.D. 125 
value and the concentration of organic acids 
as mentioned above, so that the thus treated 
excrement can be discharged into river and 
the like without danger of public nuisance. 

The photosynthetic bacteria and Chloro- 130 
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phyceae manufactured in these treatment can ^position will be exemplified in the follow- ^ 
EiLed as feeds for fishes and ammak ^ mg Table, 
further as an organic fertilizer and the general 
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6.31 


20.83 
19.28 


2.92 
10.33 


4.40 
1.52 1 



Furthermore, an explanation will be made 
with respect to a part of vitamins, with respect 
to 100 g of the photosynthetic ba«ena and 
in Chlorella, provitamin A (I.UJ is Bt*uu anu 
35800, ascorbic acid is 161 and 230 and vita- 



min B 12 (>g) is 280 and 27.0 respectively. 

The composition of amino acids with respect 
to 100 g of the photosynthetic bacteria and 
Chlorella is shown in the following Table: 
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Photosynthetic 
bacteria 


Chlorella 


lysine 


2.86 


O 71 


histidine 


1.25 


1.06 


argjnine 


3.35 


3.24 


asparatic acid 


4.56 


4.74 


threonine 


2.70 


2.28 


serine 


1.68 


2.12 


glutamic acid 


5.34 


4.62 


proline 


2.80 


2.12 


glycine 


2.41 


2.28 


alanine 


4.65 


2.98 


valine 


3.51 


3.02 


methionine 


1.58 


0.27 


iso-leucine 


2.64 


2.44 


leucine 


4.50 


4.46 


tyrosine 


1.71 


0.96 


phenyl alanine 


2.60 


2.65 


tryptophane 


1.09 


0.64 
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_t 

The method of the present invention has 
the following excellent features and advantages 
as compared with the conventional process for 
treating excrement. 

5 1. The excrement can be treated to a state 
capable of flowing away into river without 
diluting the raw excrement, so that the present 
process is economical and it is possible to 
constitute the treating facilities in a small 

10 scale. 

2. The treating period is only about 10 
days throughout whole the processes, so that 
the period is very short and the efficiency is 
high. 



3. All the waste gases formed in the treating 15 
processes can be utilized in the treating pro- 
cesses, so that the public nuisance can be pre- 
vented. 

4. Useful by-products of the photosynthetic 
bacteria and Chlorophyceae can be obtained in 20 
the treatment of excrement. 

The invention will be further explained in 
detail by the following Examples, in which 
Example 1 exemplifies the process of the pre- 
sent invention and Examples 2, 3 and 4 25 
exemplify the use of the products of the process 
of the present invention. 
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Example 2 
An incubation tank (25 x35 * 45cm) 
made of glass and placed in a phytotron at 
30°C was aerated and into said tank was 
charged pond sod (lOg in wet sate). 

Then O.lg of the photosyntheuc bacteria 
propagated in the process of the mvenaon 
was introduced into said culture tank and then 
the amount was gradually increased. . 

For the comparison dried yeast was intro- 
duced into the incubation tank in die same 
amount in the same manner as descried 
above. After 2 weeks, net an^l p ankton 
was collected and an amount of said Pontoon 
increased was determined In Aemcuto 
tank given the photosyntheuc bacteria plank- 
ton was about 10g, while in the case of the dry 
yeast plankton was only 3.2g. _ ,„. w „_ 
When about 1000 spawns of animal P 13 ?*^ 
20 (Brine Shrimp) in sea-water were introduced 
into sea-water and the sea-water was some- 
what aerated by a compressor while maintain- 
ing temperature at 24— 27°G The spawns 
were incubated after about 24 hours (hatch- 
ing percentage: about 85l%)- The photo- 
synthetic bacteria obtained in the above de- 
scribed treatment of excrement were fed there- 
to in an amount of lOOmg every day. For 
the comparison, the dried yeast was fed in 
the same amount in the same manner as de- 
scribed above. , , 

In both cases, Brine Shrimp grew smoothly 
and about three weeks after the feeding the 
female and male were coupled and the forma- 
tion of ovisac was observed. After the female 
spawned, said female died but just before 
spawning, the ovisacs were collected and the 
hatching percentage was measured. In the sec- 
tion of adding the photosynthetic bacteria said 
percentage is 87%, while in the section of add- 
ing the dry yeast said percentage was only 

^Fertilized spawns of goldfish were collected 
from pond and transferred into an incubator. 
After several days the young fishes were hatched 
from the fertilized spawns. The hatched fishes 
were fed with a commercially available feed 
for goldfish as a control section and a mixture 
of said feed with 5% of the phc^osynthetic 
bacteria (1 section: 10 fishes, 3 goups). 
After two weeks, in the secuon added only 
the commercially available feed, the young 
fishes were attacked with mold disease - and 
wholly destroyed On the other hand, m the- 
section added the photosynthetic bacteria, the 
young fishes were not killed and grew 
smoothly. 

Example 3 
When white leghorns (female) (1 section: 
5 hens, 3 groups) were given with each of 
a commercially available composite feed and 
a mixture of said feed with 5i% of the photo- 
synthetic bacteria and Chlorella the number 
and color of eggs were compared In the sec- 
65 tion added only the commercially available 



composite feed, the color of egg not so yellow 
and the number of eggs in one month was 
24 on an average, while in both the sections 
added the photosynthetic bacteria and Chlor- 
ella, the color of egg was highly yellowish <» 
orange and bright and had commercial value 
and the average number of eggs was 26.3 
in the section added the photosynthetic bac- 
teria and 26.8 in the section added Chlorella. 
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Example 4 # 75 
Paddy rice plants were planted in 1/5000 
acre pot (one section: 3 ports, 3 groups) and 
cultivated by applying 0.5g of every nitrogen, 
phosphoric acid and potassium as the basic 
fertilizer, then in the beginning of August, an 80 
additive fertilizer of ammonium sulfate as 
chemical fertilizer and Chlorella or the photo- 
synthetic bacteria as organic fertilizer was 
added respectively (0.25 gram of nitrogen, 
respectively). The average number of ears was 85 
9 in non-fertilizer section (1), 25 in the basic 
fertilizer plus the additive fertilizer of the 
photosynthetic bacteria (2), 25 in the basic 
fertilizer plus the additive fertilizer of Chlor- 
ella (3) and 30 in the basic fertilizer plus 90 
the additive fertilizer of ammonium sulfate 
(4), respectively. The total number of the 
grain was 600.3 in section (1), 2302 in sec- 
tion (2), 1815 in section (3) and 2019 in sec- 
tion (4) on an average and the total weight of 95 
the grains was 15.3g in section (1), 52.3g in 
section (2), 44.5g in section (3) and 46.2g in 
section (4) on an average, respectively. From 
the foregoing description, in the section added, 
the photosynthetic bacteria, the increase ot iw 
yield was apparently recognized. 
WHAT I CLAIM IS: — 

1 A process for treating excrement, which 
comprises decomposing the excrement in an 
aerator under an aerobic atmosphere to form iio 
organic acids and the other low molecular 
weight substances, transferring the decomposed 
excrement into a sealed culture tank, inoculat- 
ing, cultivating and propagating photpsyntneuc 
bacteria therein under an anaerobic atmos- no 
phere while irradiating light, separating the 
propagated photosynthetic bacteria from the 
excrement, transferring the resulting excrement 
into a culture tank, inoculating, cultivating and 
propagating a strain of Chlorophyceae therein 
under an aerobic condition while irradiating 
light and separating the propagated Chloro- 
phyceae from the excrement, whereby the ex- 
crement is purified. m . lon 

2 A process as claimed in claim 1, wherein 120 
said photosynthetic bacteria are Athio- 
rhodaceae. , . - 

3 A process as claimed m Claim 1 or z, 
wherein the decomposition of the excrement 
under an aerobic atmosphere is effected by m 
blowing air into the aerator while stirring 

4 A process as claimed in any preceding 
claim, wherein, during the decomposition, de- 
foaming agent, surfactant, air or recycled 
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excrement is directed over the liquid surface 
to effect defoaming. 

5. A process as claimed in any preceding 
claim, wherein a waste gas generated in the 

5 aerator is introduced into a culture tank for 
Chlorophyceae to prevent bad odor and pro- 
mote propagation of Chlorophyceae. 

6. A process as claimed in any preceding 
claim, wherein the excrement decomposed 

10 under an aerobic atmosphere is sterilized. 

7. A process as claimed in claim 6, where- 
in the sterilized excrement is treated with an 
enzyme of cellulase, amylase, protease or lipase 
before cultivation of the photosynthetic bac- 

15 teria. 

8. A process as claimed any preceding 
claim, wherein said photosynthetic bacteria is 
cultivated at a temperature of about 30°C 
for from 70 to 100 hours. 

20 9. A process as claimed in any preceding 
claim, wherein the photosynthetic bacteria is 
cultivated by transferring a culture system 
composed of a plurality of sealed culture tanks 
successively. 

25 10. A process as claimed in claim 9, where- 
in the cultivated solution in the last culture 
tank is returned to the first culture tank. 

11. A process as claimed in any preceding 
claim, wherein the Chlorophyceae is cultivated 

30 at a temperature of about 25 °C for 3 to 5 
days. 



12. A process as claimed in any preceding 
claim, wherein the Chlorophyceae is cultivated 
by transferring a culture system composed of 

a plurality of aerobic culture tanks succes- 35 
sively. 

13. A process as claimed in claim 12 a 
wherein the cultivated solution in the last 
culture tank is returned to the first culture 
tank. 40 

14. Process for treating excrement, sub- 
stantially as hereinbefore described with refer- 
ence to the accompanying drawing. 

15. Process according to any one of Claims 

1 to 14, wherein the Chlorophyceae is a 45 
Chlorella. 

16. Feed for fishes and ariimals and ferti- 
lizer, comprising the photosynthetic bacteria 
propagated in a process as claimed in any 
preceding claim. 50 

17. Feed for fishes and animals and fertilizer 
comprising the Chlorophyceae propagated in 
the process as claimed in any one of Claims 
1 to 15. 
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